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ABSTRACT	
Effective	management	of	marine	environments	requires	a	sound	understanding	of	the	relevant	
physical	sedimentary	sciences.	Environmental	impact	assessment	(EIA)	is	a	key	management	and	
decision-making	tool	employed	in	Australia	for	coastal	and	marine	developments.	This	article	
examines	the	veracity	of	the	application	of	the	marine	physical	sciences	within	the	EIA	process,	
using	turbidity	measurement	and	sediment	transport	pathways	as	examples.	A	review	of	EIA	
guidance	reveals	deficiencies	in	regulation.	Turbidity	measurement	is	poorly	understood	and	
performed	in	current	practice,	while	a	focus	on	protecting	marine	habitats	largely	ignores	those	
physical	sedimentary	processes,	such	as	long-term	bed-sediment	transport	pathways,	that	create	
and	maintain	these	habitats.	Thus	evaluations	of	impacts	of	offshore	activities	such	as	channel	
dredging	and	spoil	emplacement	at	sea	are	fundamentally	flawed.	An	extensive	body	of	scientific	
knowledge	is	already	available	on	marine	physical	processes,	and	equivalent	information	for	
assessments	of	terrestrial	development	is	routinely	taken	into	consideration.	Perhaps	practice	for	
the	marine	environment	lags	behind	that	for	terrestrial	settings	or	is	it	a	case	of	‘out	of	sight	–	out	of	
mind’?	We	call	on	environmental	management	professionals	to	increase	engagement	with	the	
physical	processes	that	determine	the	quality	of	marine	environments.	
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Introduction	
	
The	importance	of	managing	Australia's	marine	environments	effectively	is	exemplified	by	
increased	offshore	oil	and	gas	extraction	along	with	new	or	expanded	harbour	development	and	
increased	shipping	activity	associated	with	recent	boom	times	in	mining	(e.g.	Whitlam,	2013).	
These	activities	have	caused	considerable	direct	impact	on	the	physical	environment,	especially	in	
relation	to	dredging	works	(Styan	and	Hanley,	2013).	Our	concern	is	that	the	consequences	of	these	
environmental	changes	are	not	fully	understood,	owing	to	a	deficiency	in	the	application	of	the	
physical	sciences	in	environmental	impact	assessment	(EIA)	decision-making	processes.	
	
The	aim	of	this	article	is	to	consider	some	potential	consequences	of	changes	to	the	marine	physical	
environment	associated	with	recent	and	ongoing	coastal	and	offshore	development	projects	in	
Australia	and	examine	how	the	EIA	process	can	address	them	more	effectively.	We	focus	in	
particular	on	two	matters:	water	turbidity,	in	terms	of	how	it	is	currently	measured,	assessed	and	
applied,	and	physical	interference	by	developments	of	long-term	bed	sediment	transport	pathways.	
Both	water	quality	and	seabed	sediments	are	strong	controls	upon	benthic	habitats.	We	examine	
both	issues	in	relation	to	current	understanding	of	impacts,	and	how	they	are	currently	treated	in	
EIA	processes.		
	
Our	methodology	is	based	upon	review	of	literature	and	EIA	procedural	information,	along	with	
some	case-study	examples	in	which	we	compare	evidence	from	the	physical	sciences	concerning	
marine	impacts	with	EIA	practices	for	their	assessment	and	management.	Specifically,	we	discuss	
the	turbidity	measurement	issue	in	relation	to	development	activity	in	proximity	to	valued	benthic	
habitats,	such	as	shelf	habitats	off	NW	Australia,	and	the	impact	on	long-term	sediment	transport	
pathways	for	the	North-West	Shelf	(NWS)	area	off	the	coast	of	Western	Australia.	The	NWS	study	
revolves	around	dredging	activity	associated	with	harbour	and	channel	construction	for	major	
extractive	industry	projects	(oil	and	gas	from	offshore	waters	and	minerals	from	inland).		
	
Our	findings	are	relevant	to	environmental	practitioners	from	industry	and	regulators	alike,	and	
the	results	have	implications	for	other	significant	marine	sites	such	as	the	Great	Barrier	Reef	(GBR)	
Marine	Park.		We	argue	that	the	present	approach	to	marine	management	presents	a	significant	
risk	to	both	sets	of	stakeholders,	and	to	the	marine	environment.	We	conclude	with	some	
suggestions	on	how	physical	impacts	in	the	marine	environment	can	better	be	assessed	and	
managed	with	the	goal	of	enhancing	marine	environmental	management	outcomes.	
	
	
Impacts	on	marine	environments	–	why	is	sedimentary	science	needed?	
	
The	Great	Barrier	Reef	shelf	
	
A	range	of	ports	and	development	projects	exist	along	the	GBR	shelf	and	concern	has	been	
expressed	regarding	the	potential	impacts	of	associated	dredging	operations,	including	the	
emplacement	at	sea	of	dredged	sediments	(GBRMPA,	2010).	This	issue	has	involved	various	
interested	parties	and	lobbying	groups,	and	has	become	an	intensely	political	issue,	with	debates	in	
Australia’s	Parliaments,	and	many	articles	in	newspapers	and	comments	made	in	related	media	(e.g.	
The	Conversation1).	In	2015,	the	Australian	Federal	Government	released	the	Great	Barrier	Reef	
Long-Term	Sustainability	Plan	(Commonwealth	of	Australia,	2015)	which	was	to	address	issues	to	
the	year	2050,	including	those	of	dredging	and	development.	The	plan	included	banning	the	
emplacement	at	sea	of	all	sediment	derived	from	capital	dredging	operations.	
	
																																																								
1	https://theconversation.com/search?q=great+barrier+reef	
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Whilst	the	associated	debates	have	been	active,	they	have	not	addressed	some	key	scientific	issues	
of	practical	and	regulatory	relevance.	Despite	being	one	of	Australia’s	better	understood	
continental	shelves	(Belperio,	1983;	Larcombe	&	Carter,	2004;	Mathews	et	al.,	2007),	there	remain	
gaps	in	understanding	of	sediment	transport	processes	and	water	quality	relevant	to	the	
management	application	of	the	science	(e.g.	McCook	et	al.,	2015),	and	also	gaps	in	the	
understanding	of	past	changes	in	sedimentation,	the	influence	of	cyclones	and	major	transport	
events	(Larcombe	&	Ridd,	2015).	As	a	result,	even	though	it	is	established	that	many	of	the	GBR’s	
environment	and	habitats	are	naturally	ephemeral	(Larcombe	&	Carter,	2004;	Larcombe	&	Ridd,	
2015),	there	remain	large	uncertainties	regarding	the	detailed	natural	dynamics	of	benthic	habitats,	
so	that,	importantly,	the	understanding	of	the	significance	of	observed	changes,	and	of	
superimposed	factors	associated	with	dredging	is	weak.	More	surprisingly,	given	that	these	are	all	
primarily	sedimentary	issues,	there	has	been	little	sedimentary	geoscience	employed	to	contribute	
to	appropriate	regulation,	and,	perhaps	as	a	consequence,	there	does	seem	to	be	an	absence	of	
information	regarding	the	rationale	and	methods	for	performing	sedimentary	science	to	guide	and	
regulate	such	activities.	The	range	of	expertise	available	in	government	institutions	and	interested	
environmental	groups	is	relatively	thin	on	sedimentary	matters,	and	as	noted	by	Hopley	et	al.	
(2007,	pg	439),	such	sedimentary	issues	and	geological	processes	are	beyond	the	normal	temporal	
scale	of	most	ecological	work,	so	that	failure	to	acknowledge	this	and	the	physical	processes	
involved	‘may	lead	to	the	overestimation	of	anthropogenic	impacts’.	Government	managers	who	
recognise	such	skill	gaps	employ	consultants	and	have	reports	peer-reviewed,	but	the	evidence	is	
that	this	approach	has	failed	the	test	of	time.	
	
The	Northwest	Shelf	
	
The	NWS	of	Australia	is	one	where	a	suite	of	marine	developments	have	taken	place	in	the	last	
decade	or	so,	related	to	the	exploitation	of	offshore	oil	and	gas	fields	and	to	mineral	export	facilities,	
and	other	developments	are	underway	(Oceans	Policy	Science	Advisory	Group,	2013;	The	Blueprint	
for	Marine	Science	2050	Report,	2015).	Whilst	there	is	a	wealth	of	existing	information,	derived	
from	the	suite	of	scientific	and	collaborative	programs	associated	with	offshore	developments	in	
the	past	few	decades,	and	from	a	large	number	of	commercially	funded	studies,	value	for	money	
will	be	maximised	when	the	long-term	benefits	of	the	accumulated	work	are	combined	with	all	the	
appropriate	science,	some	of	which	has	yet	to	be	performed.	Here,	success	to	date	is	not	necessarily	
clear	(Hanley,	2011;	Falkenberg	&	Styan	2014)	despite	costs	having	been	significant,	such	as	on	the	
Gorgon	project	(Styan	&	Hanley,	2013).	
	
In	the	face	of	the	scale	of	such	major	development	projects	currently	occurring	in	the	Australian	
marine	environment,	it	is	sensible	to	briefly	review	whether	what	is	required	of	industry	is	
scientifically	appropriate	and	the	extent	to	which	existing	regulatory	processes	such	as	EIA	are	
adequately	addressing	the	relevant	issues.	
	
	
Current	EIA	approach	to	marine	environmental	assessment	and	management	
	
Environmental	impact	assessment	is	an	important	decision-making	and	management	tool	in	use	in	
almost	every	country	(Morgan	2012)	that	is	applied	to	new	development	proposals	likely	to	have	
significant	adverse	environmental	impact.	Ultimately	EIA	is	about	risk	management,	seeking	to	pre-
emptively	understand	the	consequences	of	development	and	how	to	minimise	harm	to	the	
environment,	and	by	extension	cost	to	those	responsible	for	management	(both	of	the	project	and	
natural	environment).	Processes	for	EIA,	especially	in	an	Australian	context,	are	well	established	
with	clear	expectations	provided	by	regulators	as	to	which	issues	a	proponent	of	new	development	
is	expected	to	address.	The	EIA	‘scoping	phase’	is	intended	to	correctly	identify	the	key	issues	and	
the	kind	of	expertise	and	data	that	are	needed	to	make	an	informed	decision	about	impacts.	
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Appropriate	physical	science	expertise	and	knowledge	is	expected	to	be	used	to	assess	such	aspects	
of	marine	dredging	and	similar	operations.	Later	on	we	examine	the	relevant	factors	concerning	the	
marine	environment	that	are	employed	in	the	Western	Australian	EIA	process.		
	
There	are	a	range	of	parties	involved	in	EIA	processes	concerning	major	developments	on	the	
continental	shelf,	interests	they	hold,	and	resulting	questions	relevant	to	marine	physical	processes	
that	they	might	need	to	answer	(Table	1).	Questions	such	as	these	can	be	difficult	to	answer,	but	it	
is	advantageous	and	desirable	to	all	parties	to	develop	a	scientifically	defensible	understanding	of	
the	environmental	system	in	which	the	development	might	be	emplaced	and	operated,	because	it	
reduces	risks	at	all	stages.	
	
Table	1.	Range	of	stakeholders	associated	with	the	EIA	process	and	some	example	questions	each	
might	have	relevant	to	marine	physical	processes	and	their	associated	effects.	
Interested	Party	 Relevant	Questions	
Developers	(i.e.	business	
decision-makers)	
	
• What	are	our	long-term	business	risks	over	the	lifetime	of	the	
project,	and	at	what	stage	in	the	project	lifecycle	might	such	risks	
occur?	
• Do	we	know	enough	to	fulfil	our	corporate	commitment	to	the	
environment?	
Consultants	(helping	to	
prepare	consent	documents	
on	behalf	of	Developers)	
• What	is	our	knowledge	of	the	pertinent	science?	
• How	does	this	affect	our	exposure	to	the	risks	of	not	providing	the	
appropriate	advice	and	passively	contributing	to	environmental	
degradation?	
Research	Scientists	
	
• How	do	we	help	the	process	by	ensuring	the	best	applicable	
science	is	used?	
Community	 • How	do	we	best	protect	the	environment?	
• How	can	we	ensure	that	we	are	aware	of	the	relevant	science?	
Regulators	(those	government	
employees	overseeing	and	
enforcing	regulations,	
including	Ministers)	
	
• How	best	do	we	incorporate	physical	processes	into	our	advice	to	
government	decision-makers	and	proponents?	
• How	best	do	we	acknowledge	the	various	timescales	of	natural	
systems	in	the	regulatory	process?	
• How	do	we	expand	our	appreciation	of	the	presently	‘unknown’	or	
practically	‘unacknowledged’	environmental	risks?		
• Are	we	up	to	date?		
• What	are	the	consequences	regarding	reduced	public	trust	of	
failing	to	account	for	all	known	environmental	risks?	
	
	
The	Western	Australian	EIA	approach	to	the	marine	environment	
	
The	Western	Australian	(WA)	Environmental	Protection	Act	1986	establishes	the	independent	
Environmental	Protection	Authority	(EPA)	and	the	EIA	process	which	they	are	responsible	for	
conducting.	Importantly	the	Act	(section	40)	enables	the	EPA	to	determine	the	'form,	content,	
timing	and	procedure'	of	EIA,	the	documentation	that	a	proponent	must	prepare	and	associated	
public	review	provisions.	Details	of	these	are	contained	in	separate	Administrative	Procedures	
(established	under	section	122)	and	guidance	documents	published	by	the	EPA.	Guidance	
documents	are	periodically	updated;	here	we	cite	only	the	latest	version	of	each	notwithstanding	
that	some	have	been	in	operation	for	over	a	decade	and	point	out	that	the	general	sentiment	and	
approach	taken	by	the	EPA	is	consistent	and	has	not	fundamentally	changed	in	this	time.		
	
Central	to	the	WA	EIA	process	is	the	notion	of	'key	environmental	factors'	that	the	EPA	is	required	
to	report	on	to	the	Minister	for	the	Environment	when	assessing	a	project	in	section	44	of	the	Act	
(Dahlitz	and	Morrison-Saunders,	2015).	The	current	suite	of	environmental	factors	and	associated	
formal	objectives	for	performance	are	provided	in	EPA	(2015a).	Of	the	four	factors	pertaining	to	
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the	marine	environment	(Table	2),	two	relate	exclusively	to	biota,	one	is	specifically	related	to	
coastal	‘geophysical'	processes	and	one	includes	mention	of	sediments	and	water	quality.	The	
generic	description	of	environmental	factors	in	EPA	(2015a)	is	expanded	within	more	specialised	
guidance	documents	(Table	3)	pertaining	to	particular	components	of	the	environment	or	
particular	developmental	activities.	Throughout	these	documents,	there	is	emphasis	on	extant	biota	
and	contemporary	processes,	and	on	‘maintaining’	various	aspects	of	the	marine	environment,	and	
the	first	objective,	regarding	‘structure,	function,	diversity,	distribution	and	viability’	is	clearly	of	
high	priority.		Even	in	the	GBR,	which	has	been	the	focus	of	considerable	research,	best	practice	
guidelines	(GHD,	2013)	and	plans	(e.g.	Table	4)	are	similarly	inadequate.	
	
Similar	overall	aspirations	are	also	reflected	in	various	key	national	and	international	regulatory	
documents	(Table	4),	but	these	documents	do	not	specifically	mention	natural	variation	in	terms	of	
habitats	and	timescales.		
	
Table	2.	Environmental	factors	and	formal	objectives	concerning	the	marine	environment	adopted	
by	the	EPA	of	Western	Australia	(EPA	2015a).	
Factor	 Objective	
Benthic	communities	and	
habitat	
To	maintain	the	structure,	function,	diversity,	distribution	and	viability	of	
benthic	communities	and	habitats	at	local	and	regional	scales.	
Coastal	processes	 To	maintain	the	morphology	of	the	subtidal,	intertidal	and	supratidal	
zones	and	the	local	geophysical	processes	that	shape	them.	
Marine	environmental	quality	 To	maintain	the	quality	of	water,	sediment	and	biota	so	that	the	
environmental	values,	both	ecological	and	social,	are	protected	
Marine	fauna	 To	maintain	the	diversity,	geographic	distribution	and	viability	of	fauna	at	
the	species	and	population	levels	
	
Table	3.	Western	Australian	EPA	guidance	documents	on	EIA	relating	to	the	physical	marine	
environment.	
Title	 Scope	 Reference	
Environmental	Assessment	
Guidelines	for	Protection	of	Benthic	
Primary	Producer	Habitat	in	
Western	Australia’s	Marine	
Environment	
Framework	and	guidance	for	assessing	the	
cumulative	loss	of	benthic	primary	producer	
(BPP)	habitat.	Could	link	to	EAG15	where	
deterioration	in	environmental	quality	may	cause	
losses	of	BPP	communities.	
EAG	3	(EPA	
2009)	
Environmental	Assessment	
Guideline	for	Marine	Dredging	
Proposals	
Approach	for	presenting	and	managing	the	
predicted	impact	of	suspended	sediment	from	
dredging	operations	on	benthic	habitats	and	
communities,	and	associated	uncertainties.	
Considers	impacts	over	the	limited	timeframes	of	
individual	projects.	
EAG	7	(EPA	
2011a)	
Environmental	Assessment	
Guideline	for	Protecting	the	Quality	
of	Western	Australia’s	Marine	
Environment	
Expectations	for	the	management	of	marine	
environmental	quality,	mostly	relating	to	
wastewater	discharges	to	marine	waters.	
EAG	15	(EPA	
2015b)	
Guidance	for	the	assessment	of	
benthic	primary	producer	habitat	
loss	in	and	around	Port	Hedland	
Provides	a	Local	Assessment	Unit	and	guidance	
for	its	application	to	the	assessment	of	cumulative	
loss	of	benthic	primary	producer	habitat	in	Port	
Hedland.	
EPB	14	(EPA	
2011b)	
	
As	a	consequence,	some	stated	objectives	appear	impossible	to	achieve.	At	the	Australian	national	
level,	although	of	considerable	international	interest,	examples	are	the	passages	regarding	the	
Ecosystem	Health	and	Biodiversity	of	the	Great	Barrier	Reef	(Table	4,	bottom	row),	where	their	
realistic	assessment	is	not	possible	in	the	absence	of	text	which	acknowledges	the	occurrence	and	
causes	of	natural	variation	in	these	aspects	over	years	to	decades	and	the	wide	variations	in	these	
factors	across	the	GBR	shelf’s	many	benthic	habitats.	This	international	and	national	bias	toward	
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biota	protection,	and	lack	of	specifically	incorporating	the	underlying	physical	processes,	means	
that	the	focus	of	EIA	and	other	environmental	regulatory	tools	is	on	the	consequences	of	changes	to	
the	physical	environment,	not	the	causes,	nor	indeed	their	significance.		
	
Table	4.	Selected	international	and	Australian	national	regulatory	documents	and	their	key	passages	
concerning	benthic	habitats.	
Document	 Quote	
International	 	
UNESCO	(1972),	World	
Heritage	Convention,	Article	
4	
	‘ensuring	the	identification,	protection,	conservation,	presentation	and	
transmission	to	future	generations	of	the...	natural	heritage’	
OSPAR	(2014),	p.	4	 ‘protect	the	maritime	area	against	the	adverse	effects	of	human	activities	so	
as	to	safeguard	human	health	and	to	conserve	marine	ecosystems	and,	when	
practicable,	restore	marine	areas	which	have	been	adversely	affected’	
Australian	National	 	
Commonwealth	of	Australia	
(2015)	Reef	2050,	p.	13.	
‘Protecting	the	Reef	’s	Outstanding	Universal	Value	and	its	natural	integrity	
and	cultural	values’	
Commonwealth	of	Australia	
(2015)	Reef	2050,	p.	34	-	
Vision	
‘To	ensure	the	Great	Barrier	Reef	continues	to	improve	on	its	outstanding	
universal	value	every	decade	between	now	and	2050	to	be	a	natural	wonder	
for	each	successive	generation	to	come.’		
	
‘Ecosystem	health.	The	status	and	ecological	functions	of	ecosystems	within	
the	Great	Barrier	Reef	World	Heritage	Area	are	in	at	least	good	condition	
with	a	stable	to	improving	trend.’	
	
‘Biodiversity.	The	Reef	maintains	its	diversity	of	species	and	ecological	
habitats	and	these	improve	over	each	successive	decade	to	2050.’	
	
In	our	view,	making	a	realistic	and	defensible	determination	of	the	success	or	failure	to	achieve	
marine	environment	objectives	necessarily	requires	an	appropriate	understanding	of	the	marine	
processes	and	habitats	involved.	Because	such	determinations	need	to	meaningfully	incorporate	
the	occurrence	of	natural	changes,	they	must	therefore	include	an	understanding	of	past	and	
ongoing	physical	changes	in	the	seabed,	and	the	range	of	natural	ranges	of	the	state	of	the	seabed.	
In	Western	Australia,	the	EPA	guidance	documents	do	not	recognise	or	describe	these	aspects.	As	
an	example,	the	latest	guideline	document	(EPA	2015b)	focuses	on	the	marine	environment,	and	
includes	reference	to	‘natural	limits’	and	‘natural	variation’	but	these	are	not	expanded	upon,	and	it	
is	unclear	exactly	what	is	meant.	Further,	the	documents	state	that	‘Timeframes	for	restoring	
acceptable	environmental	quality	will	need	to	be	determined	on	a	case-by-case	basis,	but	should	be	
as	short	as	reasonably	practicable’,	but	the	logic	is	not	explained.	Our	view	is	that	the	information	
should	be	based	firmly	in	an	understanding	of	the	natural	dynamics	of	the	habitats,	to	underpin	a	
scientifically	defensible	assessment	of	the	‘structure,	function,	diversity,	distribution	and	viability’	
(Table	2	-	EPA	2015a,	p.	5)	of	habitats.		
	
A	further	issue	is	the	appropriate	physical	scale	to	use	regarding	maintaining	‘benthic	communities	
and	habitats	at	local	and	regional	scales’	(EPA	2015a,	p.	5).	A	key	control	upon	marine	benthic	
habitats	is	the	presence,	nature,	distribution	and	dynamics	of	bed	sediments	–	essentially,	the	
nature	of	the	bed	sediment	transport	pathways	-	especially	perhaps	of	sandy	sediments,	which	are	
a	key	component	of	so	many	habitats	on	Australia’s	dynamic	NWS	(Jones,	1973;	Harris	et	al.,	2005;	
Passlow	et	al.,	2005;	Picard	et	al.,	2014).	Whilst	there	are	regional	maps	of	seabed	type	and	of	some	
sediment	characteristics	(e.g.	Harris	&	Hughes,	2012),	appropriate	sedimentary	data	and	studies	to	
define	sediment	transport	pathways	are	absent	for	the	WA	continental	shelf.	Further,	regarding	
‘natural	variation’	the	requisite	oceanographic,	sedimentary	and	biological	information	is	largely	
absent	for	NW	Australia.	There	are	no	published	field	studies	on	the	‘age’	(i.e.	the	time	since	their	
last	major	disturbance)	of	benthic	habitats	on	the	NWS,	their	natural	changes	of	state	through	time,	
7	
	
and	the	frequency	and	magnitude	of	mobility	of	their	associated	sediments.	Although	there	are	
regional	models	on	the	issue	of	sediment	mobility	(Porter-Smith	et	al.,	2004;	Harris	&	Hughes,	
2012),	these	are	not	detailed	enough	to	help	gauge	physical	or	temporal	scales	to	apply	in	the	EIA	
process,	and	supporting	detailed	measurements	of	sediment	and	their	dynamics	are	largely	absent.	
As	a	result,	it	remains	unclear	how	assessments	can	realistically	be	made	of	the	ecological	resilience	
of	benthic	habitats	on	the	NWS,	nor	of	the	‘significance’	of	observed	changes	in	relation	to	dredging	
(see	also	Larcombe	&	Ridd,	2015).	However,	given	the	clear	evidence	for	highly	active	bed	sediment	
dynamics	on	the	NW	shelf	(Larcombe	et	al	2014),	the	existing	understanding	of	similar	tropical	and	
sub-tropical	cyclone-influenced	carbonate	continental	shelves	in	Australia	(Belperio,	1983;	Gagan	
et	al.,	1988,	1990;	Larcombe	&	Carter,	2004)	and	those	elsewhere	(Mearns,	1988;	Morton,	1988;	
Hubbard,	1992),	there	appears	a	clear	case	for	review	of	these	guidelines	and	a	new	approach	to	
seabed	assessment.	There	is	strong	evidence	that	EIA-associated	work	to	assess	physical	impacts	of	
dredging	and	disruption	of	sediment	transport	pathways	is	lacklustre	(Table	5).	
	
	
Table	5.	Selected	recent	major	EIA/dredging	projects	in	WA,	summarising	methods	used	to	assess	
physical	impacts	of	dredging.	The	data	illustrate	that	physical	science	work	is	generally	lacklustre,	largely	
about	turbidity	and	lacks	assessment	of	long-term	sediment	transport	pathways.	The	relevant	Ministerial	
Statements	(MS)	detail	the	specific	requirements	for	compliance	purposes,	but	monthly	or	fortnightly	
reports	provided	to	the	EPA	are	not	available	for	public	scrutiny.	Hanley	(2011)	provides	further	details	of	
some	of	these	projects,	also	noting	that	the	over-prediction	of	indirect	impacts	to	corals	was	routine	and	
significant.		(Note	–	SVD	=	Settling	Velocity	Distribution,	TSS	=	Total	Suspended	Solids	concentration).	
Project	&	
Ministerial	
Statement	no.	
‘Baseline’	
benthic	
data	
Benthic	
monitoring	
Methods	of	assessing	physical	
impacts	wrt	
	
Comments	
Sediment	transport	
processes	
Long-term	
sediment	
transport	
pathways	
Gorgon	LNG	
Barrow	Island.	
MS	800	
Benthic	habitats	
mapped	&		
Impact	Zones	
defined	from	
modelling	
Array	of	sites	of	
similar	
community	
structure	
Plume	monitoring,	
sediment	traps,	
turbidity,	water	
samples	&	modelling	
	
Not	assessed	 	
Browse	LNG	
Precinct,	James	
Price	Point	
(DSD	2010)	
Benthic	habitats	
mapped	&		
Impact	Zones	
defined	from	
modelling	
--	
Turbidity,	water	
samples	&	modelling	
	
Not	assessed	
(Larcombe	&	
Morrison-
Saunders,	
2015;	Ward	et	
al.,	2016)	
Project	
abandoned	
Port	Hedland	
Outer	Harbour	
(EPA	Report	
1427)	
Benthic	habitats	
mapped	&	Impact	
Zones	defined	
--	
Turbidity,	light,	
‘sediment	deposition	
rates’,	modelling	
Not	assessed	
Project	stalled	
at	present.	Over	
12	months	of	
field	
measurements	
of	in	situ	PSD,	
SVD	&	TSS)	at	3	
locations	along	
the	dredged	
channel.			
Data	not	used.	
	 	
8	
	
Anketell	Point	
Port	
Development		
(EPA	Report	
1445)	
Benthic	
habitats	
mapped	&	
Impact	Zones	
defined,	&	local	
Assessment	
Units	defined	
State	of	the	
Marine	
Environment	
Survey,	pre-	
and	post-
development.			
	
Monitor	<5	
yrs	after	
dredging	
Turbidity,	water	
samples,	light,	
‘sediment	
deposition’	
monitoring,	&	
modelling	
	
Not	assessed	 Conditions	
unclear	-		
‘spatial	and	
temporal	
pattern	of	
sediment	
deposition’	
Wheatstone	
LNG.	MS	873	
Benthic	
habitats	
mapped.	
Ecosystem	
units	defined.	
Impact	Zones	
defined		
State	of	the	
Marine	
Environment	
Survey.			
	
Repeat	
monitoring	of	
over	30	reef	
sites	
Turbidity,	water	
samples,	light,	
‘sediment	
deposition’	
monitoring,	&	
modelling	
	
Not	assessed	 18	months	field	
measurements	
of	PSD,	SVD	&	
TSS	at	9	sites,	
but	data	not	
assessed.		Final	
coral	health	
data	unlinkable	
to	a	cause	
(Marnane,	
2015)		
Fremantle	
Ports	Inner	
Harbour	and	
Channel	
Deepening.	MS	
801	
Benthic	
habitats	
mapped	and		
Management	
Units	defined		
Monitor	6	
months		-	5	
years	after	
dredging	
i)	Modelling	
ii)	No	assessment	
considered.	
Simulations	
performed.	
Not	assessed	 	
	
	
The	EPA	has	recognised	the	paucity	of	some	types	of	field	data,	and	is	involved	in	research	
programs	to	boost	understanding,	including	through	the	West	Australian	Marine	Science	Institution	
WAMSI	Dredging	Node	(WAMSI,	2017).	Here,	work	supports	the	approach	taken	to	dredging	
impacts,	which	is	one	of	analysis	and	prediction	of	changes	in	water	quality	and	sedimentation	
(EPA	2011a;	Jones	et	al.,	2015)	associated	with	parallel	studies	to	examine	various	‘thresholds’	for	
marine	organisms.	A	similar	approach	pervades	the	other	EPA	documents	(Table	3).	There	is	an	
ongoing	lack	of	information	on	past	changes	in	the	seabed	and	its	habitats,	but	unfortunately,	work	
being	conducted	under	WAMSI	does	not	include	such	aspects,	and	such	contextual	work	is	
generally	seen	as	being	outside	requirements	for	individual	developments,	so	it	is	unlikely	that	
major	progress	can	be	made	to	determine	the	ecological	significance	of	observations	of	seabed	
habitat	and	of	the	predictions	of	water	quality	associated	with	dredging	operations.	The	literature	
already	contains	recognition	of	the	need	to	change	the	impact	assessment	paradigm	to	incorporate	
resilience	thinking	(Slootweg	&	Jones	2011;	Bond	et	al.	2015)	and	such	a	paradigm	requires	a	view	
of	the	past	in	order	to	determine	the	natural	range	of	seabed	states	and	thus	support	informed	
judgements	on	what	is	‘acceptable’.	
	
A	large	amount	of	dredging	has	taken	place	recently	in	Australian	and	Western	Australian	marine	
waters	(e.g.	Hanley,	2011),	which,	if	the	equivalent	was	taking	place	on	land,	would	likely	be	
considered	a	form	of	mining	and	be	subjected	to	stringent	provisions	for	mine	closure	planning	and	
rehabilitation	(e.g.	as	per	the	joint	Department	of	Mines	and	Petroleum	and	EPA	2015	guidance,	
DMP	&	EPA,	2015).	Such	expectations	for	restoration	of	disturbed	physical	environments	do	not	
apply	when	they	are	underwater.	Perhaps	it	is	simply	a	case	of	‘out	of	sight	-	out	of	mind’	or	that	the	
sophistication	of	understanding	and	techniques	for	management	of	marine	environments	lag	
behind	those	of	the	terrestrial.	Regardless,	we	find	this	disturbing,	and	we	illustrate	the	issues	with	
two	examples;	the	first	concerning	turbidity	and	the	second	concerning	interference	with	long-term	
bed-sediment	transport	pathways.	In	both	cases	we	argue	that	the	requisite	physical	science	
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knowledge	can	be	obtained	through	appropriately	designed	field	sampling	and	measurements.		The	
failure	to	acknowledge	the	need	for	some	types	of	new	information,	as	well	as	to	incorporate	
relevant	existing	knowledge	into	EIA	and	management	of	major	marine	developments,	points	to	
deficiencies	in	current	EIA	and	decision-making	processes.	The	key	first	step	is	to	formally	identify	
the	need	for	and	significance	of	physical	science	with	regard	to	its	significance	for	marine	habitats	
and	influences	upon	the	ecosystem.	
	
	
Case	study	1	-	turbidity	measurement	
	
Turbidity	is	a	measure	of	the	‘cloudiness’	of	water,	and	since	the	late	1990s	has	been	measured	
using	the	same	basic	principle,	using	the	reflection	of	artificially-generated	light	from	suspended	
particles	(Baker	and	Lavelle,	1984;	Kineke	and	Sternberg,	1992;	Downing,	2006).	The	instruments	
are	commonly	termed	OBS	(optical	backscatter)	devices,	‘nephelometers’,	or	‘turbidity	meters’.	
Over	the	last	25	years,	measurement	of	turbidity	has	been	a	mainstay	of	marine	regulatory	and	
monitoring	programs	across	the	world	(Downing	2006),	because,	amongst	other	reasons,	
instruments	are	relatively	cheap	and	have	become	progressively	more	reliable.	These	instruments	
are	often	deployed	in	situ	for	periods	of	time,	to	provide	a	time-series	of	turbidity	which	can,	ideally,	
be	related	to	oceanographic	conditions	and	relevant	human	activities.	The	concept	of	turbidity	is,	at	
first	sight,	relatively	easy	to	understand	-	the	more	sediment	in	the	water	the	higher	the	turbidity	–	
unfortunately,	it	is	not	quite	this	simple,	and	there	are	numerous	pitfalls	to	avoid	regarding	use	of	
OBS	devices.	As	their	inventor	notes	(Downing	2006,	p.	2300),	‘Despite	their	widespread	
availability,	there	are	no	comprehensive	summaries	of	how	they	work,	what	they	can	do,	and	when	
and	where	they	can	be	misapplied.’	In	the	context	of	marine	EIAs,	there	are	significant	resulting	
consequences	regarding	the	use	of	the	resulting	data	towards	understanding	biological	effects.	
	
It	has	long	been	recognised	(Conner	&	de	Visser,	1992;	Green	and	Boon	1993;	Sutherland	et	al,	
2000)	that	the	particle	size	distribution	(PSD)	is	a	key	parameter	in	determining	turbidity,	being	
able	to	change	turbidity	by	over	x100	with	no	change	in	physical	concentration	(Bunt	et	al.,	1999).	
Downing	(2006)	reported	that	the	results	of	‘about	50	sediment	calibrations	with	sediments	
ranging	in	size	from	about	1–500	mm’	indicated	a	very	high	sensitivity	to	grain	size,	whereby	OBS	
output	varies	by	a	factor	of	200.		In	natural	environments,	turbidity	is	a	complex	function	of	particle	
size	distribution,	but	also	a	number	of	other	factors,	such	as	the	nature	of	the	PSD	(esp.	multimodal	
mixtures),	particle	shape,	colour,	surface	roughness,	flocculation,	Refractive	Index,	composition,	as	
well	of	course	as	particle	concentration.	There	are	also	influences	from	the	presence	of	plankton,	
bubbles,	dissolved	matter,	and	physical,	chemical	and	biological	fouling,	fish	(Bunt	et	al.,	1999;	
Downing,	2006)	and	possible	influences	from	large	gradients	in	water	density.		
	
Dealing	with	some	but	not	all	of	these	factors,	the	quantitative	review	of	Bunt	et	al.	(1999)	
determined	that:	
	
• grain	size	changes	may	affect	OBS	response	by	over	x100;	
• for	equant,	smooth	grains,	sediment	texture	may	be	ignored,	but	where	platy	particles	are	in	
suspension,	shape	and	surface	roughness	can	increase	response	by	x2	and	x10	respectively;	
• particle	flocculation	may	affect	OBS	response	by	x2	(dependent	upon	floc	size);	
• plankton	may	increase	OBS	response	by	x4,	compared	to	similar	concentrations	of	
minerogenic	grains;	
• air	bubbles	may	increase	instrument	response	by	x2.	
	
Overall	then,	the	literature	presents	overwhelming	evidence	that	1	-	turbidity	data	requires	a	great	
deal	of	interpretation,	2	-	even	when	turbidity	data	are	directly	related	to	associated	detailed	
oceanographic	measurements,	there	are	great	uncertainties	involved	in	interpreting	the	data,	
10	
	
especially	when,	3	-	the	suspended	material	can	change	in	PSD	and	other	key	characteristics	during	
a	measurement	campaign.	
	
As	a	result,	the	critical	factor	becomes	the	significance	of	the	magnitude	of	the	measurement	
uncertainties	to	the	intended	purpose	of	the	measurements.	Associated	with	the	location	of	coastal	
and	offshore	developments,	a	large	number	of	measurement	campaigns	have	been	made	in	
association	with	EIA	and	monitoring	on	the	continental	shelves	of	northern	Australia,	such	as	the	
NWS	(Styan	&	Hanley,	2013)	and	the	GBR	shelf	(Benson	et	al.	1994;	MacDonald	et	al.	2013;	
Fabricius	et	al,	2013).	Here,	the	OBS	has	been	the	instrument	of	choice	for	regulators	and	biologists	
alike,	in	trying	to	assess	the	natural	and	anthropogenic	influences	upon	the	biology,	associated	with	
changes	in	‘water	quality’	and	‘sedimentation’.	Unfortunately,	on	these	Australian	shelves	and	for	
such	purposes,	OBS	data	are	complicated	by:	
	
• large	ranges	of	oceanographic	forcing	factors	on	many	timescales	(waves,	tides,	seasonal	
currents,	cyclones)	(e.g.	Holloway,	1983,	1995;	Cresswell	et	al.	1993;	Pearce	et	al.,	2003;	
Brink	et	al.	2007;	Schiller,	2011;	Bosserelle	et	al.,	2012;	Wolanski	&	Ridd	1990;	Wolanski	
1994;	Andutta	et	al.,	2013);	and	
• bed	and	suspended	sediments	of	mixed	size	and	composition	and	shape	(Passlow	et	al.	
2005;	Dix	et	al.,	2005;	Margvelashvili,	2006;	Harris	&	Hughes	2012,	Orpin	&	Ridd,	2012),	
nature	and	seasonality	(plankton	and	blooms).	
	
Further,	attempts	on	such	shelves	to	quantify	the	relationship	of	turbidity	with	associated	
biological	effects	(e.g.	Cooper	et	al.,	2011,	Browne	et	al.,	2013)	tend	to	highlight	that	site-specific	
factors	are	high	(see	also	Jones	et	al.,	2015).	Amongst	the	local	factors	likely	to	influence	corals	are	
a	variety	of	potential	sedimentary	conditions	and	processes–rather	than	turbidity	alone–which	
have	different	natures,	magnitudes,	durations	and	timings	(e.g.	Cooper	et	al.,	2009;	Lough	&	Cooper,	
2011).	More	broadly,	changes	in	sediment	transport	at	a	supra-local	scale	can	alter	the	sedimentary	
and	water	quality	regime	experienced	by	benthic	organisms,	in	terms	of,	for	example,	reduced	light	
penetration	and/or	changed	sediment	accumulation.	Further,	because	turbidity	‘calibration’	under-
samples	the	‘extreme’	periods	effectively,	unfortunately	at	those	times	when	key	interactions	occur	
between	various	specific	physical	processes	and	the	benthic	biology,	confidence	in	the	turbidity	
measure	tends	to	be	least	reliable	precisely	for	those	conditions	when	accuracy,	precision	and	
confidence	are	most	required.		Overall,	the	practicalities	of	OBS	calibration	are	almost	
insurmountable,	for	biological	purposes.	
	
What	contribution	can	turbidity	data	make?	
	
Whilst	turbidity	measurements	provide	little	solid	information	as	proxy	indicators	of	biological	
impacts,	turbidity	sensors	have	been	very	useful	in	indicating	general	patterns	of	water	quality	and	
sedimentation,	including	the	general	nature	and	timing	of	sediment	transport	events	in	some	key	
habitats.	In	Australia,	they	have	helped	drive	advances	in	thinking	in,	for	example,	characterising	
the	regimes	at	coral	reefs	(Larcombe	et	al.,	2001;	Browne	et	al.,	2013),	within	mangrove	systems	
(Larcombe	&	Ridd,	1996;	Bryce	et	al.,	2003),	and	seagrass	beds	(Benson	et	al.,	1994),	in	doing	so	
helping	to	identify	the	main	drivers	to	sediment	transport	(Larcombe	et	al.	1995;	Orpin	et	al.,	1999)	
and	advance	understanding	about	regional	‘water	quality’	(e.g.	Fabricius	et	al.,	2013;	MacDonald	et	
al,	2013).	This	has	been	closely	associated	with	increased	understanding	about	the	limits	of	the	
turbidity	measure	(Bunt	et	al.,	1999;	Downing,	2006).	Few	specialist	sedimentary	journals	now	
publish	articles	in	which	turbidity	is	the	key	parameter,	but	knowledge	transfer	across	disciplines	
and	into	regulation	has	not	been	effective.		Similar	issues	also	befall	'sediment	traps'	which	remain	
commonly	used	in	monitoring	for	‘sedimentation',	despite	the	very	well	established	understanding	
that	traps	do	not	measure	any	aspect	of	sedimentation	relevant	to	biology,	and	that	the	data	
produced	are	basically	uninterpretable	(Storlazzi	et	al.,	2011).	
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In	short,	using	turbidity	data	quantitatively	to	make	conclusions	about	underwater	light	regimes	or	
sedimentary	processes	is	far	too	imprecise	a	tool	for	defensible	regulatory	use	regarding	biological	
impacts.	In	our	experience,	reasons	for	the	ongoing	absence	of	more	appropriate	scientific	
measurement	methods	are	primarily:	
	
• Increased	costs.	It	is	usual	for	newer	technology	(e.g.	in-situ	laser	particle	sizers,	multi-
frequency	light	loggers,	automatic	vertical	profiling	devices,	hand-held	XRF	analysers),	to	be	
more	expensive,	at	least	at	first,	but	costs	reduce	as	uptake	increases.		Note	that	20	years	ago,	
turbidity	loggers	were	considered	an	expensive	‘luxury’	item.	We	suggest	that	value	for	
money	is	the	key,	for	all	parties.	
• A	wish	to	be	able	to	compare	new	data	with	existing	turbidity	datasets.	If	doing	so,	1)	it	should	
be	done	only	in	concert	with	collecting	the	appropriate	data	for	the	purpose,	and	2)	
replicating	what	was	done	before	is	a	recipe	for	long-term	stasis	and	a	guarantee	that	data	
decreases	in	value.	
• Field	data	are	considered	expensive	to	collect.	Especially	for	particular	relatively	small	
proposals,	measurement	can	be	viewed	as	too	costly,	so	that	knowledge	gained	from	larger	
datasets	related	to	major	developments	is	often	‘transferred’	to	support	the	assessment	
process.	From	the	physical	science	perspective	the	significant	caveat	is	that	the	
encompassing	system	needs	to	be	understood	sufficiently	well	to	ensure	the	avoidance	of	
environmental	consequences.	Unfortunately,	such	understanding	is	rarely	present.	Although	
regional	sedimentary	processes	can	often	be	well	characterised	(e.g.	as	evidenced	in	sections	
2	and	5),	the	specific	seabed	types	and	processes	are	often	determined	by	locally	specific	
factors.		In	the	EIA	process,	one	ongoing	weakness	is	an	over-reliance	on	regional	data.	
• Concerns	about	overuse	of	new	technology.	Clients	may	be	careful	in	funding	work	which	in	
their	view,	might,	in	part,	constitute	field	tests	of	relatively	unproven	new	technology,	
feeling	that	they	are	effectively	funding	scientific	research	and/or	instrument	development,	
and	taking	too	big	a	business	risk.	However,	such	short-term	perceived	financial	savings	
might	risk	substantial	longer-term	expensive	consequences.	
	
Taken	together,	the	above	list	constitutes	a	strong	argument	for	new	regulatory-focussed	work	to	
develop	the	understanding	of	the	relevant	physical	systems,	so	that	context	is	firmly	established	
and	individual	developments	do	not	themselves	become	expensive	experiments	(e.g.	Styan	&	
Hanley,	2013).	
	
How	to	improve	matters?	
	
As	noted	above,	the	magnitude	of	measurement	uncertainties	regarding	turbidity	is	generally	large	
and	unknown,	so	where	the	intended	purpose	of	the	measurements	is	to	contribute	meaningfully	to	
regulatory	assessments,	we	recommend:	
	
1. Use	turbidity	as	a	scoping	tool.	Field	measurement	of	turbidity	should	be	used	as	a	qualitative	
indicator	of	the	timing	and	possible	nature	of	processes.	Rather	than	being	relied	upon	by	
itself	to	undermine	management,	data	should	be	used	to	focus	further	studies	which	aim	to	
identify	and	quantify	the	sedimentary	processes	involved,	using	sedimentologically	
defensible	techniques,	such	as	combining	high-frequency	current	measurements	and	in-situ	
measurements	of	suspended	sediment	concentration	and	particle	size	distribution.	
2. Use	as	part	of	an	informed	risk-based	approach.	Field	measurements	should	be	of	the	
appropriate	parameters	in	the	correct	scientific	manner,	specifically	including	those	times	
and	conditions	most	likely	to	represent	the	greatest	environmental	risk.	The	historical	lack	
of	integrated	physical-biological	studies	means	that	informed	assessment	of	some	of	these	
risks	is	not	possible,	so	that	the	key	improvement	is	one	of	a	thorough	EIA	scoping	phase	
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and	then	an	appropriate	project	design.		Such	design	must	include	issues	of	project	purpose,	
specific	questions	(rather	than	general	ones),	and	clear	explanation	of	how	the	
measurements	are	going	to	allow	the	question	to	be	answered.	
	
	
Case	study	2	–	interference	with	long-term	bed	sediment	transport	pathways	
	
Sediments	are	an	integral	part	of	the	worlds’	continental	shelves,	and	they	are	often	in	transit	
across	and/or	along	them,	as	part	of	bed	sediment	transport	pathways.	Their	movement	produces	
sediment	transport	pathways,	which	may	operate	on	timescales	from	a	few	hours	to	many	
millennia,	and	all	scales,	including	those	of	continental	shelves	(Wright,	1995;	Larcombe,	2006).	
Whilst	the	different	sizes	and	origins	of	sedimentary	particles	can	mean	they	might	be	transported	
by	different	processes	at	different	times	and,	over	long	periods,	in	divergent	directions,	we	focus	
here	on	sandy	and	gravelly	bed	sediments	that	form	a	range	of	benthic	habitats.	On	the	continental	
shelves	of	northern	Australia,	the	dominant	sediment	transport	pathways	tend	to	transfer	sandy	
and	gravelly	sediment	along	them,	such	transport	pathways	having	been	in	operation	for	several	
thousand	years	and	forming	systems	hundreds	of	km	in	length	(Gagan	et	al.,	1990;	Larcombe	&	
Carter,	2004).	On	the	inner	shelf	of	the	Great	Barrier	Reef	(depths	<20	m),	bed	sediment	transport	
can	be	active	on	many,	if	not	most,	days	of	the	year	(Woolfe	et	al.,	2000),	whereas	on	the	middle	
shelf	(depths	of	20–50	m),	bed	sediment	transport	is	most	active	during	cyclones.	Dredging	of	
shipping	channels	and	associated	dredge	sediment	disposal	during	offshore	development	directly	
interferes	with	the	long-term	bed	sediment	transport	pathways	and	the	benthic	habitats	involved.	
	
The	range	of	benthic	habitats	over	large	parts	of	the	NW	Australian	continental	shelf	has	been	
mapped	at	a	regional	scale	(Heyward,	2006,	Fulton	et	al.,	2006;	Picard	et	al.,	2014),	as	has	the	GBR	
shelf	(Pitcher	et	al.	2007).	Given	that	sediment	supply	and	mobility	have	implications	for	benthic	
biology	and	associated	ecosystems	(Snelgrove	&	Butman,	1994;	Harris,	2012),	assessments	of	
environmental	impacts	resulting	from	human	activities	in	the	marine	environment	need	to	
consider	bed	sediment	transport	pathways	and	their	dynamics,	including	the	resilience	of	the	
pathway	and	its	habitats	to	anthropogenic	perturbation.	Impacts	on	pathways	are	likely	to	be	low	
where	the	perturbations	are	of	small	magnitude	and	short	duration	by	comparison	with	the	
pathway,	and	where	the	pathway	has	a	low	throughput	(sediment	transport	rate)	and	is	relatively	
thick	on	the	seabed.	Conversely,	potential	impacts	are	likely	to	be	high	with	perturbations	of	
relatively	large	magnitude	and	long	duration,	especially	upon	pathways	of	high	transport	rate	and	
comprised	of	a	thin	layer	of	sediment.	
	
Most	people	are	familiar	with	the	concept	of	sediment	being	transported	along	beaches	in	the	long-
term,	and	the	result	is	both	seen	in	the	natural	shape	of	embayments	controlled	by	rock	outcrops,	
and	by	the	commonly	seen	pattern	of	sand	at	groynes	on	beaches,	where	there	is	accumulation	on	
one	side	and	relative	erosion	on	the	other.	In	such	cases,	groynes	act	to	prevent	the	transport	of	
some	or	all	material	along	the	littoral	transport	pathway,	enhancing	resilience	to	erosion	on	one	
part	of	the	shoreline	but,	in	doing	so,	unfortunately	often	generating	a	problem	of	erosion	at	
another	part	of	the	coast	further	along	the	transport	pathway	(Davidson-Arnott,	2010).	Such	a	
general	concept	can	also	be	applied	on	the	continental	shelf	regarding	a	dredged	channel,	where	
the	presence	of	a	channel	acts	as	a	barrier	to	the	natural	long-term	passage	of	bed	sediment	along	
the	pathway.	In	such	a	case,	the	potential	impacts	of	the	perturbation	are	strongly	influenced	by	the	
length	of	the	channel	across	the	pathway,	compared	to	the	pathway’s	width	and	the	longevity	of	the	
channel’s	presence.	
	
The	NWS	of	Australia	is	home	to	a	series	of	long	dredged	channels	including	that	at	Port	Hedland	
(~34	km	long),	off	Anketell	Point	(~17	km	long),	and	off	Onslow	(Wheatstone,	~20	km	long).		
Hanley	(2011)	provides	details	of	dredge	volumes	and	depths.		However,	it	is	not	the	volumes	that	
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are	the	key	issue,	but	rather	the	channels’	presence.	These	channels	will	be	present	at	the	seabed	
for	many	decades	and	probably	many	centuries,	so	that	they	have	the	potential	to	affect	benthic	
habitats	through	disruption	of	bed	sediment	transport	pathways.	The	approach	channel	for	the	
(once	proposed)	Liquified	Natural	Gas	LNG	facility	at	James	Price	Point,	on	the	western	Kimberley	
coast,	was	planned	to	be	only	~7	km	long	(Department	of	State	Development	SD,	2010),	but	even	so,	
would	have	cut	across	the	full	width	of	an	inner-shelf	bed	sediment	transport	pathway	(see	also	
RPS	MetOcean,	2012;	Larcombe	&	Morrison-Saunders,	2015;	Ward	et	al,	2016).	There	is	thus	the	
potential	for	change	of	bed	sediments	and	habitats	to	the	south.	
	
How	to	improve	matters?	
	
Key	aspects	to	improve	assessments	and	reduce	risk	for	this	specific	marine	issue	include:	
	
1. New	field-based	sedimentary	geoscience	research.	New	research	is	required	to	define	the	
sediment	transport	pathways,	their	locations,	continuity	and	extents,	so	that	it	becomes	
possible	to	identify	the	regions	where	disruption	of	a	pathway	is	likely	to	be	least	critical,	
either	in	terms	of	sediment	removal	by	dredging	or	addition	by	emplacement.	There	are	
geological,	geomorphic,	sedimentary,	compositional	and	textural	information	which	can	
inform	this	issue	(Belderson	et	al.,	1982;	Larcombe	&	Carter,	2004),	including	but	not	
limited	to:		
a. The	age	and	internal	structure	of	existing	deposits;	
b. Sedimentary	bedform	type,	morphology	and	arrangement;	
c. Spatial	gradients	in	sediment	components	(texture	and	composition);	
d. Measurement	of	the	migration	of	sedimentary	bedforms,	and;	
e. The	pattern	of	scour	and	infill	around	existing	emplaced	sea-bed	structures	and	
depressions.	
2. Application	during	EIA.	At	the	scoping	and	EIA	stages,	specific	attention	should	be	paid	to	
assessing	sediment	transport	pathways,	to	support	developmental	design	using	the	relevant	
science.	This	would	involve	many	aspects,	but	must	include	specific	field	testing	of	existing	
transport	directions,	using	sedimentary	indicators	and	techniques	such	as	those	noted	
above.	There	is	no	substitute	for	appropriate	analysis	of	field	data.	
3. In	regions	like	the	NWS,	where	sediments	contain	significant	proportions	of	various	biogenic	
grains	(Dix	et	al.	2005)	it	may	also	be	necessary	to	determine	the	multi-decadal	rates	of	in-
situ	sediment	production	in	order	to	help	assess	the	resilience	of	the	pathways	to	
perturbation.	
4. Design	impact	mitigation.	Using	the	above	information,	the	project	design	process	will	be	
able	to	remove	or	reduce	impacts	on	pathways	and	reliant	habitats.		
5. Consider	sediment	nourishment.	During	design	and	construction	of	a	dredged	channel	across	
the	shelf,	serious	consideration	should	be	given	to	emplacement	of	dredged	sediment	
‘downstream’	along	the	sediment	transport	pathway,	to	help	maintain	the	pathway	and	
nourish	habitats	downstream.	As	previously	noted,	one	EIA	guideline	in	Australia	
specifically	denies	placement	of	dredged	sediments	at	sea,	largely	because	of	the	perceived	
detrimental	effects	upon	the	benthic	biota	and	water	quality.	However,	to	nourish	the	very	
habitats	involved,	it	might	be	necessary	to	emplace	some	or	all	of	the	dredged	material	on	
the	seabed	a	short	distance	downstream	of	the	dredged	channel,	either	along	parts	of	the	
channel	or	along	its	whole	length,	depending	upon	the	nature	of	pathway	disruption.		This	
apparent	conflict	is	discussed	below.	
	
The	requisite	paradigm	shift	
	
The	above	changes	would	require	a	paradigm	shift	in	the	approach	to	dredge	material	
emplacement,	whereby	environmental	risks	over	weeks–years	related	to	emplacement	of	dredge	
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sediment	are	considered	against	the	long-term	(decades	to	centuries)	environmental	rewards	of	
supporting	the	long-term	sustainability	of	the	benthic	habitats	‘downstream’	of	the	channel.	In	
order	for	there	to	be	confidence	in	the	process,	there	will	have	to	be	an	increased	role	for	
sedimentary	work,	including	being	driven	by	regulators.	It	will	need	to	be	accepted	that	the	
physical	drivers	of	potential	biological	impacts	are	assessed	in	a	scientifically	appropriate	fashion.	
Given	that	efforts	spent	in	identifying	the	seabed	habitats	and	avoiding	some	forms	of	impact	can	
take	several	years	and	cost	much	money,	it	is	entirely	logical	to	assess	the	key	mechanisms	of	
habitat	maintenance.		
	
An	inherent	part	of	the	paradigm	shift	will	be	recognition	that,	especially	for	large	projects,	the	EIA	
process	i)	acknowledges	the	dependence	of	the	benthic	habitats	upon	the	sedimentary	transport	
pathway,	ii)	treats	carefully	the	evidence	for	sediment	transport	pathways	and	iii)	specifically	tests	
their	nature	using	sedimentologically	appropriate	field	data.	The	EIA	will	need	to	view	and	assess	
projects	in	timescales	and	physical	scales	appropriate	to	those	continental	shelf	systems	potentially	
affected.	It	is	likely	that	in	many	cases,	such	work	will	decrease	effort	overall,	through	increased	
understanding	of	the	natural	dynamics	of	the	habitats	involved,	and	through	reduced	concern	
about	short-term	changes.	
	
Dredge	channels	can	be	immense	physical	features	with	environmental	consequences	potentially	
lasting	many	centuries,	yet	decommissioning	of	dredged	channels	is,	to	our	knowledge,	rarely,	if	
ever,	considered.	In	essence,	a	decommissioning	process	might	involve	re-instating	the	potential	for	
natural	passage	of	sandy	material	across	the	previous	sea	bed	gap.	This	may	involve	major	
modification	of	all	or	most	dredged	areas.	At	present,	this	would	probably	be	considered	unrealistic	
on	commercial	grounds	regarding	moving	so	much	material,	and	there	would	have	to	be	an	
acceptable	source	of	suitable	sediments.	Whilst	there	is	some	time	to	develop	and	consider	
solutions	to	that	specific	issue,	it	remains	the	likelihood	that	for	some	existing	channels,	under	
present	dredge	material	management	regimes,	a	dredged	channel	may	already	be	generating	
change	to	habitats	‘downstream’.	At	present,	if	changes	are	assessed	to	be	significant	and	
detrimental,	there	appear	few	clear	alternatives	than	to	ensure	the	resupply	of	the	transport	
pathway,	through	emplacement	of	dredged	sediment	onto	the	seabed	a	short	distance	‘downstream’	
of	the	dredged	channel	during	construction,	and	similarly	during	later	and	ongoing	maintenance	
dredging	activities.	Careful	study	of	the	sedimentary	changes	to	the	seabed	and	the	habitats	would	
allow	active	management	of	the	process.		
	
	
Putting	the	pieces	together	and	way	forward	
	
The	physical	sciences	are	well	recognised	in	Australia	(Australian	Academy	of	Science,	2015)	and	
elsewhere,	such	as	the	UK’s	research	councils	(EPRC,	2017,	NERC,	2017)	as	fundamentally	
underpinning	other	sciences.		In	the	Australian	marine	environment,	there	are	deficiencies	in	
particular	in	relation	to	sediment.		When	implemented,	marine	EIA	often	goes	straight	to	
identifying	the	‘potential	impact’,	reducing	the	chance	of	linking	any	observed	changes	to	the	
potential	human	cause.	This	approach	fails	to	uphold	basic	principles	of	EIA	such	as	being:	‘rigorous	
-	the	process	should	apply	‘best	practicable’	science,	employing	methodologies	and	techniques	
appropriate	to	address	the	problems	being	investigated’	(IAIA	and	IEA	1999,	p3).	To	some	extent,	
some	aspects	of	physical	science	are	included	in	the	EIA	process,	such	as	regarding	some	field	
measurements	and	modelling	of	currents,	mixing,	dilution	etc.	However,	in	terms	of	its	logic,	nature	
and	depth,	such	work	falls	far	short	of	what	is	required.	For	example,	if	the	sediment	transport	
pathways	and	their	changes	over	short	to	very	long	periods	are	improperly	understood,	it	becomes	
impossible	to	correctly	attribute	changes	in	benthic	habitats	to	either	anthropogenic	factors	or	to	
natural	variability.	At	present,	the	development	and	broadcast	of	the	rationale	and	a	protocol	of	
good	scientific	methods	would	assist	those	who	need	to	make	decisions.	
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Retaining	the	credibility	of	marine	EIA	
	
Ignoring	key	aspects	of	the	sedimentary	sciences	represents	a	big	risk	to	EIA	regulators,	
proponents	and	the	environment	alike.	What	perhaps	concerns	us	most	here	is	that	effort	might	
end	up	being	spent	trying	to	resolve	unwanted	and	potentially	unmanageable	environmental	
impacts	after	the	event,	rather	than	correctly	recognising	the	potential	issue	early	in	the	process	
and	designing	the	development	appropriately.	Thus,	other	principles	of	EIA	such	as	being	'relevant',	
'cost-effective',	'efficient'	and	'focused'	(IAIA	and	IEA	1999,	p3)	are	also	being	violated.	In	short,	to	
retain	the	credibility	of	the	EIA	process,	EIA	regulation	and	practice	must	greatly	improve	
acknowledgement	of	the	significance	of	the	physical	environment	and	incorporate	it	as	a	
fundamental	part	of	conduct.	
	
Criticisms	of	the	nature	and	quality	of	science	employed	in	EIA	have	dogged	practice	for	decades	
(e.g.	Shrader-Frechette,	1985;	Greig	and	Duinker,	2011).	Such	critiques	typically	point	to	
deficiencies	in	the	manner	in	which	EIA	stakeholders	(especially	proponents	and	their	consultants)	
use	science.	A	key	concern	in	this	article	is	that	appropriate	marine	physical	sciences	are	being	
omitted	from	the	process	in	the	first	instance.	Government	managers	who	recognise	such	skill	gaps	
in	their	own	organisations	may	employ	consultants	to	report	on	such	matters,	and	may	have	
reports	externally	peer-reviewed,	but	the	case	studies	above	indicate	that	this	approach	requires	
substantial	improvement.	Our	examples	have	also	indicated	that	the	quality	of	physical	
sedimentary	science	employed	in	marine	EIA	is	lacking.		As	examples,	turbidity	data	remain	often	
used	as	proxies	for	reduced	light	quality,	sedimentation	and/or	aspects	of	sediment	transport,	
when	the	scientifically	credible	action	is	to	use	different	types	of	instruments	to	measure	the	
appropriate	parameters	directly,	necessarily	accompanied	by	measurements	of	the	oceanographic	
driving	processes.	Further,	interpretation	of	water	quality	data	is	too	imprecise	without	such	
oceanographic	data,	and	computer	simulations	have	the	problem	of	validation	and	that	of	operating	
outside	the	range	of	data	used	for	validation,	the	latter	of	which	can	be	associated	with	processes	
which	may	result	in	biological	impacts.	The	knowledge	gap	regarding	bed	sediment	transport	
pathways	is	somewhat	clearer,	especially	for	the	NWS,	where	the	circumstantial	evidence	for	such	
pathways	is	compelling	(Larcombe	et	al.,	2014),	especially	when	compared	to	other	similar	shelf	
systems	(Larcombe	&	Carter,	2004),	but	the	evidence	for	their	precise	nature	and	significance	is	
almost	entirely	absent.	
	
Implementation	
	
The	way	forward	to	overcome	these	deficiencies	involves	a	mixture	of	changing	broad	procedural	
emphasis	and	specific	treatment	of	the	particular	technical	issues	we	have	raised.		We	argue	for	
more	stringent	generic	policies	that	apply	to	all	projects,	and	for	improved	technical	case-by-case	
assessment.		Thus,	at	the	broad	level,	EIA	guidance	must	direct	more	attention	to	addressing	
physical	marine	impacts.	This	role	and	responsibility	clearly	rests	with	the	regulator.	Unless	
regulations	incorporate	these	concepts	as	a	fundamental	part	of	their	approach	and	practical	
application,	there	is	a	risk	that	regulation	will	be	bypassed	by	the	scientific	advances	regarding	
habitats	and	their	dynamics,	and	the	regulatory	process	becomes	discredited.	
	
Implementation	will	require	input	from	all	EIA	stakeholders.	Here,	it	is	helpful	for	all	
environmental	practitioners	to	be	aware	of	the	role	and	range	of	motivations	of	other	interested	
parties	in	the	process	(Table	1)	and	to	ensure	that	fundamental	physical	sciences	knowledge	
underpins	EIA	deliberations	and	evaluations.	The	aim	should	be	the	development	of	a	sound	
scientific	evidence	base,	derived	from	field-based	studies	of	the	physical	environment,	and	
especially	the	seabed	and	water	column.	At	the	individual	project	level,	new	mitigation	strategies	
should	be	sought,	such	as	alternative	dredge-sediment	placement	strategies.	It	is	in	the	best	
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interests	of	proponents	in	terms	of	risk	management	and	liability	to	ensure	appropriate	measures	
are	emplaced,	as	well	as	regulators	seeking	to	protect	the	environment	over	regional	scales	and	
appropriate	long-term–at	least	decadal–time	horizons.		
	
The	deficiencies	in	treatment	of	the	physical	sciences	in	the	marine	environment	would	not	appear	
to	apply	for	terrestrial	settings.	Perhaps	seabeds	are	simply	'out	of	sight-	and	out	of	mind'	but	it	
might	just	be	a	reflection	of	levels	of	knowledge	within	the	practitioner	community	and	general	
public	awareness	of	the	marine	environment	lagging	behind	that	relating	to	the	nearby,	visible	and	
relatively	familiar	terrestrial	environment.	Either	way,	we	encourage	EIA	practitioners	both	with	
the	regulatory	and	consulting	sectors	to	better	apply	the	physical	sciences	to	marine	environmental	
management	and	decision-making.		Noting	the	present	work	on	EPA	Governance	(Quinlan	et	al,	
2016),	the	opportunity	is	surely	now	to	change	things	for	the	better.		
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